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slowing down over the past one million years (Coale, 1974), the day length when humanlike forms first appeared was only 20 seconds shorter than it is now (Rosenberg and Runcorn, 1975). In comparison, environmental changes of the last 100 years have been immense. With the invention of the light bulb and the airplane, superimposed on the industrial revolution, there have been unprecedented changes in the temporal environment to which humans are exposed. Only since the invention of artificial light sources have human beings attempted on a large scale to manipulate the timing of the sleep-wake cycle to accommodate socioeconomic needs.
Travel to the east or west used to be sufficiently slow so that the daily light-dark cycle rarely deviated by more than an hour—well within the capacity of the body to adjust. Today, however, millions of people are abruptly subjected to shifts in environmental time cues when they work on shift work schedules or fly across time zones. Still others are in settings such as a hospital intensive care ward, where they are largely isolated from daily time cues.
In the absence of periodic environmental time cues, the cycle length or the free-running period length of circadian rhythms is no longer synchronized or entrained to a 24-hour period. Whether the free-running period is greater or less than 24 hours depends on the species; nonetheless, it remains close to 24 hours in all species. In normal human subjects, the average free-running period of the sleep-wake cycle is approximately 25 hours. In other words, in constant conditions the internal biological clock runs a little slower than its mechanical or geophysical counterparts. Therefore, successful synchronization of human circadian rhythms (including that of the sleep-wake cycle) to the 24-hour day requires that the biological clock be "reset" by an average of one hour each day.
It is generally accepted that the most important periodic environmental stimulus for entraining circadian rhythms in nearly all species is the daily alternation of light and dark (Rusak and Zucker, 1975). However, the effectiveness of a light-dark cycle alone as the synchronizer of circadian rhythms in human beings has been shown only recently (Czeisler, 1978; Czeisler et al., 1981b). The relative importance of different synchronizers to the human system remains unknown. Still, it is clear that the combination of an imposed light-dark cycle with scheduling of the time available for sleep and waking is a very effective synchronizing cue for all measurable human circadian rhythms.
Nearly 10 years ago, a specific area of the brain—the suprachiasmatic nucleus (SCN) of the hypothalamus—was identified as a central neural pacemaker responsible for the generation of many overt circadian rhythms such as the rest-activity cycle and many neuroendocrine rhythms (Moore and Eichler, 1972; Stephan and Zucker, 1972). A newly discovered mon-80.
